Previously we reported the structures of broussonetines A-V and broussonetinines A and B from Broussonetia kazinoki SIEB. (Moraceae). [1] [2] [3] [4] [5] [6] [7] [8] In our continuing studies, we obtained six new alkaloids, broussonetines W, X, M 1 , U 1 , J 1 , and J 2 from the same tree in low yield. The present study deals with the isolation and structural elucidation of these minor constituents.
deals with the isolation and structural elucidation of these minor constituents.
The branches of this tree were extracted with hot water and the alkaloidal fractions were concentrated as previously reported. (6) were isolated by preparative HPLC of the concentrated alkaloids. The structures were elucidated mainly on the basis of spectroscopic evidence, as shown in Fig. 1 .
Compound 1, broussonetine W, was obtained as a colorless oil, [a] D ϩ16.0°(cϭ0.07, MeOH), showing a brownish spot on TLC by ninhydrin reaction as previously.
1) The molecular formula was determined to be C 18 H 31 NO 4 by positive highresolution secondary ion mass spectrometry (positive HR-SI-MS) (m/z: 326.2340 [MϩH] ϩ , error, ϩ1.1 mmu). The IR spectrum showed a strong OH and NH band at 3436 cm Ϫ1 and a carbonyl band at 1652 cm
Ϫ1
. The UV spectrum showed an absorption maximum at 236 nm (log e 3.59) due to an a,b-unsaturated ketone.
The 1 H-NMR spectrum of 1 was similar to those of broussonetines C and D, 8) and suggested the presence of 7 methylene groups [ Partial structures A1, B1, and C1 were obtained by tracing 1 H-1 H correlation spectroscopy ( 1 H-1 H COSY) cross peaks and they were connected by the heteronuclear multiple-bond correlation (HMBC) spectrum to establish the planar structure (Fig. 2) .
The 1 H-and 13 C-NMR signals were reasonably assigned to the structure by total correlation spectroscopy (TOCSY), het-eronuclear single quantum coherence (HSQC), and distortionless enhancement by polarization transfer (DEPT), as shown in Tables 1 and 2 .
The relative stereostructure of the pyrrolidine moiety in 1 was disclosed by the vicinal coupling constants (J 2,3 ϭJ 3,4 ϭ J 4,5 ϭ6.4 Hz) and nuclear Overhauser effects (NOEs) between H-2 and H-4, and H-3 and H-5 in the nuclear Overhauser enhancement and exchange spectroscopy (NOESY) spectrum to establish the 2b-hydroxymethyl-3a,4b-dihydroxy-5a-alkylpyrrolidine structure.
The absolute stereostructure of the pyrrolidine moiety was concluded to be (2R,3R,4R,5R), by comparison of the [a] D value (ϩ16.0°) of 1 with those of broussonetines C (ϩ25.0°) and D (ϩ22.9°). 8) . The UV spectrum showed an absorption maximum at 236 nm (log e 3.96) due to an a,b-unsaturated ketone.
The . The 1 H-NMR spectrum of 3 was similar to that of broussonetine M.
2) The 1 H-1 H COSY spectrum of 3 suggested the presence of 9-hydroxytridecyl in the side chain, because (CH 2 ) 3 signals were confirmed between CH(OH) and CH 2 OH signals in 3, while (CH 2 ) 2 signals were confirmed between them in compared broussonetine M (10-hydroxytridecyl moiety) as shown in Tables 1 and 2 . The absolute stereostructure of the pyrrolidine moiety and C-9Ј of 3 was determined by a modification of Mosher's method. 9) A cyclic carbamate (3a) was prepared from 3 with phenyl chlorocarbonate in tetrahydrofuran (THF)-H 2 O (7 : 3). The 1 H-NMR signals of the tetra (S)-and (R)-2-methoxy-2-phenyl-2-(trifluoromethyl) acetic acid (MTPA) esters (3bS, 3bR) prepared from 3a were assigned by analyzing the 1 H-1 H COSY (500 MHz) spectrum, and the Dd (ϭd S Ϫd R ) values established the (R) configuration at C-9Ј (Fig. 3) . In addition, the Dd values of the pyrrolidine moiety in MTPA esters (3bS, 3bR) coincided with those in the tetra-MTPA esters (7bS, 7bR) prepared from broussonetine M (7) 2) (Fig. 3) , establishing the same absolute stereostructure of 3 as that of 7. Thus, the absolute stereostructure of 3 was determined to be (2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy- 3 signals flanked with them were confirmed in broussonetine U (9-oxo moiety). These signals were assigned as summarized in Tables 1 and 2 .
The configuration of the asymmetric carbons of 4 was proposed as (2S, 3S, 4S) by comparison of the [a] D value (Ϫ30.2°) with those of broussonetine U (Ϫ33.3°), 1) 2R-hydroxymethyl-3R,4R-dihydroxy-2H-pyrrole (ϩ21.8°), 10) 2R-hydroxymethyl-3R,4R-dihydroxypyrrolidine (ϩ7.8°), 11) and (2S,3S,4S)-1,4-dideoxy-1,4-imino-L-arabinitol (Ϫ34.6°). H-NMR spectrum of 5 was complicated for the rotational isomers (5a, 5b) due to an amide bond. Then, 5 was hydrolyzed with 1 N HCl to yield 6. The 1 H-and 13 C-NMR spectra of 6 were identical to those of the hydrolyzed compound of broussonetines I and J. 5) Spectroscopic data including NOEs showed that 5 should be the N-acetylpyrrolidine of 6, mainly because of the complicated signals of the pyrrolidine moiety. These signals of 5 and 6 were assigned as summarized in Tables 1 and 2 .
Thus, 5 and 6 were formulated as (2R)-2-{(1S,2S)-1,2-dihydroxy-8-[(2R,3R,4R,5R)-5-(2-hydroxymethyl-3,4-dihydroxy-1-acetylpyrrolidinyl)]octyl}piperidine and (2R)-2-{ (1S,2S )-1,2-dihydroxy-8-[(2R,3R,4R,5R )-5-(2-hydroxymethyl-3,4-dihydroxypyrrolidinyl)]octyl}piperidine, respectively. This was, to our knowledge, the first isolation of 6 from the plant, although its acetamide (broussonetine I) and acetodiamide (broussonetine J) were isolated previously and the free base (6) was obtained as a hydrolyzed compound.
Experimental
General The instruments used in this work were: a JASCO digital polarimeter (for specific rotation, measured at 25°C); a Perkin-Elmer 1720X-FTIR spectrometer (for IR spectra); a Hitachi M-80 spectrometer (for MS spectra); a Varian Mercury 300, unity Inova-500 (for NMR spectra, measured in pyridine-d 5 on the d scale using tetramethylsilane as an internal standard); and a Shimadzu spectrophotometer UV 1200 (for UV spectra).
Column chromatography was carried out on ion-exchange resin (Amberlite CG-50, Amberlite IRA-67, Organo Company, and Dowex 50W-X4, Dow Chemical Company), and silica gel (Chromatorex DM1020, Fuji Silysia Chemical Ltd.). HPLC was conducted on a Gilson 305 pump or a JASCO PU 980 equipped with a JASCO 830-RI or UV-970 as a detector. Silica gel 60 F 254 (Merck)-precoated TLC plates were used, developed with a CHCl 3 -MeOH-AcOH-H 2 O (20 : 10 : 7 : 5) solvent system, and detection was carried out by spraying with ninhydrin reagent followed by heating.
Isolation of 1-6 Dried branches of B. kazinoki (7.5 kg, collected in Takatsuki ward, Osaka, in 1998) were treated as described in the experimental section of a previous paper.
1) Compounds 5 and 6 were obtained from the fraction, which was eluted with MeOH-28% ammonia solution (1 : 1) on a Dowex 50W-X4 column pretreated with formic acid-ammonium formate buffer (0.2 M ammonia formate, adjusted to pH 5.7 with 1 N formic acid) and had not been examined previously. The fraction containing 1-6 was rechromatographed on silica gel (Chromatorex DM1020) using CHCl 3 
